The influence of an externally generated E×B shear flow on the propagation of structures in drift-wave turbulence is investigated in a linear laboratory plasma device. Spatiotemporal studies of the dynamics of turbulent structures reveal that structures have a radial component of propagation, thereby contributing mainly to the fluctuation induced particle flux and leading to intermittent density fluctuations in the edge plasma. A radially localized radial E×B-velocity shear layer is generated by a biased emissive filament. The shear layer modifies the phase between density and potential fluctuations, which results in a reduction of transport driven by electrostatic turbulence.
I. INTRODUCTION
Regardless of the specific magnetic field topology, edge turbulence in magnetically confined plasmas is characterized by intermittent fluctuations of the density and potential [1, 2] . In recent years it has been shown that intermittent transport events in the scrape-off layer (SOL) are caused by radially propagating turbulent structures [3] [4] [5] . The radial propagation is due to convection in the self-consistent potential, which arises from interchange dynamics due to magnetic field curvature [6, 7] . Typical radial structure velocities are 10 % of the local ion sound speed. The fluctuation induced flux affects several key reactor issues, e.g., heat and particle fluxes to the first wall, recycling, the divertor concept and strongly determines the radial evolution of the plasma profiles.
However, radially propagating structures have also been observed in laboratory devices with linear magnetic field geometry without magnetic field curvature [8] [9] [10] . In this paper we present investigations of the propagation of turbulent density structures in the linear high-density helicon device VINETA. The governing instability is the drift-wave instability [11] . In weakly-developed drift-wave turbulence turbulent structures peel off of a quasi-coherent m = 1 drift-wave mode and propagate from the maximum density gradient radially outwards with a velocity of 5 − 10 % of the local ion sound speed [10] . The influence of an externally generated radial velocity shear on the fluctuation dynamics in the plasma edge is investigated. Special attention is paid to the controlled generation on an E×B shear layer and the changes of the structure dynamics in response to the velocity shear. The paper is organized as follows: Sec. II outlines the experimental setup and diagnostic techniques. In Sec. III the main experimental findings are presented before the results are summarized in Sec. IV.
II. EXPERIMENTAL SETUP
The experiments were performed in the linearly magnetized VINETA device [12] . The cylindrical stainless steel vacuum vessel (L = 4.5 m, d = 0.4 m) is immersed in a set of 36 magnetic field coils, which generate a homogeneous magnetic field of B ≤0.1 T. Plasma is produced by a conventional helicon source [13] . The present investigations are done in an Argon plasma with a neutral gas pressure of p = 0.08 Pa, a magnetic field of B = 60 mT, and a rf-power of P rf = 2.5 kW.
Time-averaged plasma parameters and fluctuations are measured using Langmuir probes. In order to produce a radially sheared azimuthal velocity an electron emissive filament is utilized [14] [15] [16] . rect measurement of the plasma potential profile using a laser heated emissive probe [17] revealed that an influence of non-thermalized electrons is not observed. In general the density profile has the same shape as in the unperturbed case. But at r = 50 mm a slight decrease of the density is observed followed by a density hump at r = 75 mm. This is mainly caused by the filament geometry.
Since the filament does not produce an potential perturbation with azimuthal modenumber m = 0 it acts as a large convective cell with closed E×B streamlines, which transports plasma from the density gradient into the plasma edge. As a result of the potential valley the azimuthal velocity v θ is modified (Fig. 1d-f ). In the maximum density gradient (r ≤ 50 mm) v dia,e still dominates but for larger radii a radial velocity shear with a maximum shearing rate ω ∼ r d/dr(v E×B /r) of 2 · 10 4 s −1 in the unperturbed case is found, which increases considerably in cases B and C with ω = 4 · 10 5 s −1 and ω = 5.5 · 10 5 s −1 , respectively.
III. CHARACTERISTICS OF FLUCTUATIONS
The temporal evolution of fluctuations of densityñ, potentialφ and perpendicular particle flux (Fig. 2e-f) exhibits in both cases transport events with high amplitudes. Here, positive events correspond to a flux directed radially outwards. In contrast to the unperturbed case, in which the positive transport events dominate, negative transport events with large amplitudes are observed in case B [9] .
As a result the mean particle flux <Γ > decreases by a factor of 1.3. The transport reduction is not only determined by the decreasing amplitudes of the potential fluctuations but also by the phase δ = (ñ,φ), which changes sign from δ = 0.05 π in case A to δ = −0.2 π in case B at the frequency of the large density events.
The radial evolution of the measured azimuthal phase velocity v ph of density fluctuations across the entire plasma density profile is shown in Fig. 3 for all three cases. The phase velocity is estimated using two probes, which are separated azimuthally by 8 mm. The time lag of the cross correlation function (ccf) then yields the phase velocity (averaged in frequency space). In the maximum density gradient region r = 40 − 50 mm v ph is dominated for all cases by the electron diamagnetic drift, which is a result of the governing drift-wave instability. The measured value of v ph ≈ 2 km/s agrees well with the estimates shown in Fig. 1f . In the unperturbed case the evolution of v ph is mainly determined by the E×B-drift for larger radii (r > 70 mm, cf. Fig. 1d ).
The electron diamagnetic drift does not contribute since the turbulent structures are disconnected from the quasi-coherent drift modes in the maximum density gradient region [10] . In the outer shear layer region at r ≈ 70 − 90 mm the phase velocity decreases from v ph ≈ 2 km/s in the unperturbed case to v ph ≈ 1 km/s in case B and to v ph ≈ 0.5 km/s in case C, which is in qualitative agreement with the results shown in Fig. 1f . Deviations between the results shown in Fig. 1f and rate is larger than the inverse of the e-folding time τ e of the auto-correlation function [18] . At the position of the reference probe this yields 1/τ e = 6.7 · 10 3 s −1 for the density fluctuations, which is much smaller than the shear rate if the filament is heated. Comparing the radial correlation lengths in both cases no significant reduction is observed. The decrease of the azimuthal phase velocity at the reference position (cf. Fig. 3 ) leads to a decreasing azimuthal correlation length.
IV. SUMMARY
It has been demonstrated that an emissive filament is well suited to produce a sheared E×B-flow. 
